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DIMINISHING RESPONSE OF THE SKIN TO
FREQUENTLY REPEATED REINFECTION
WITH INVASIVE BACTERIA*
F. DURAN-REYNALS AND E. ESTRADA
The studies to be reported here deal with a state of altered reac-
tivity ofthe skin which manifests itself by a suppression of the lesions
induced by certain invasive bacteria when injected intradermally
into rabbits after identical injections had been made as shortly before
as half an hour. A preliminary note on the subject has been
published."l
It is known that certain bacteria which induce large spreading lesions
with diffuse boundaries at the site of inoculation do so because they elaborate
large amounts of spreading factors4'"6 identical in action to factors previ-
ously found in testes",18,15,28,35 and later procured from several other
sources.7'9"6 The phenomenon of the spreading was obviously inter-
preted14' 15 as the result of an increase in the "permeability" of the connective
tissue. This was brought about by the spreading factors acting on some
substance present in the intercellular spaces of the tissue and which serves as
a barrier normally opposing the diffusion of any inoculated material. Direct
evidence on this point was lacking until recently,6 8,22, 37 42,48 when the
testicular spreading factor or one of its components4 was identified with
mucinase, probably hyaluronidase,43 an enzyme hydrolyzing mucin from
several animal sources including a material shown to be pl'esent in the inter-
cellular spaces of the dermis.1 49 These findings have laid the physico-
chemical ground necessary to a better understanding of the term "tissue
permeability," a concept probably closer to that of capillary permeability17
than to that of cell permeability.
Early in our work it was noticed15 that the spread of particles or
infectious agents injected, with or without spreading factor, into the rabbit
skin was conditioned by several factors involving either the whole organism,
e.g., age, strain of rabbits, etc., or only parts of the tegument, e.g., presence
of inflammation, laxity of the tissue, etc. During the last four years evidence
has accumulated confirming and extending the above observations, and show-
ing that pronounced differences in the permeability of the skin of rabbits and
guinea-pigs do not occur fortuitously but according to definite laws. Age,25
sex,34 constitution,33 and certain hormones2l'48' 50 have been shown to be
decisive conditioning factors, determining to a great extent the degree of
natural susceptibility to some infectious diseases.
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Bacterial species which, although very pathogenic, induce local lesions
strictly limited to the point of inoculation, elaborate little or no spreading
factor, but the addition, in certain proportions, of the factor from any source to
such bacteria7' 12, 13, 14, 15, 16, 28, 35 results in the production of extensive local
lesions. On the basis of these facts a distinction has been drawn between
invasive bacteria, which elaborate the factor, and virulent bacteria, which
rely upon other means to maintain and augment their status as pathogens."4
Reports on a state of non-specific resistance, to several bacterial infec-
tions, induced by means of homologous and heterologous bacteria, bacterial
filtrates, and a variety of materials such as plain broth, serum, colloidal metals,
etc., injected 24 hours before the test injection are numerous, the earliest
dating back to 1893-1894.29, 41 A complete review of this subject has been
published by Philipson.48 In most cases both the protective and the test
injections were given intraperitoneally. When bacteria were used as protec-
tive material the same effect was obtained regardless of whether they were
living or had been killed by heat or other means. The mechanism assumed
to be operative in all these cases is that the injected protective material calls
forth a phagocyte response which disposes of the bacteria injected later. Such
resistance is of a transient nature, the treated animals reverting to the usual
susceptibility several days after the protective injection. Under the mislead-
ing term "Depressionsimmunitit" Morgenroth et al. reported44 45 47 that
when mice were injected by way of the peritoneum, skin, or blood stream with
a dose of streptococci known to produce a chronic infection, and were rein-
fected from 5 hours to 3 days later with the same or another strain of the bac-
terium in amounts fatal for normal mice, a large percentage of the previously
infected animals survived or lived longer than did the controls. This phenome-
non was attributed to a "depression" of the infectivity of the reinfecting strep-
tococci, the result of an obscure influence exerted by the organisms first
injected. Such a conclusion was reached despite the fact that the reinfecting
streptococci when isolated from the animals retained their full power to infect
normal mice.
Besredka and his co-workers2' 3 have reported the results of numerous
experiments tending to show that the skin may acquire within a short period
a generalized state of specific resistance-"local immunity"-to staphylo-
coccus and streptococcus infections if the corresponding filtrate of their
broth cultures "antivirus"-is directly applied to the shaved skin or injected
into its tissues. Several workers have tried to duplicate Besredka's results,
but without success with respect to obtaining by his methods a generalized and
specific "immunity."24' 26, 37 However, their experiments have shown con-
clusively that if the bacteria are injected intradermally into areas of skin
treated some hours before, either with bacterial filtrates or with plain broth,
the lesions induced are much smaller than when the injections are made
elsewhere. Workers on the subject agree that phagocytosis, exerted both
by accumulated wandering cells and by stimulated sessile cells, is the cause
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of the non-specific resistance. As has been stated above we had noticed that
the spreading factor is but slightly, if at all, active when injected into areas
of skin where signs of inflammation, due to various causes, could be recog-
nized; in 1932 Favilli,20 in our laboratory, showed that treatment of the
rabbit skin by bacterial filtrates or plain broth, injected intradermally, sup-
pressed the spreading of mixtures of India ink and testicle extract when
injected 24 hours later in the treated skin. The results were interpreted in
the sense that the treatment lowered the permeability of the tissue. In further
studies, in Italy, Favilli and his co-workers, using the same technic on
rabbits, were able to report the suppressing effect of several substances on
bacterial and viral infections and on the spreading effect of testicle extract.
Later, Favilli and McClean23 reached the conclusion that a lowered skin
permeability as the cause of the resistance was subsidiary to the inflammation,
even though very slight, which all the materials induced in the skin.
Despite the contradictory experimental evidence, Besredka4 has main-
tained his original views that the resistance conferred by treating the skin
with bacterial products is both specific and generalized to the whole organ.
Under his advice, one of his collaborators5 studied the effect of the addition
of spreading factor (testicle extract) to staphylococcus and streptococcus
culture filtrates, and also to plain broth, when applied to the rabbit skin. It
was found that the resistance conferred by these filtrates against the corres-
ponding infection was pronouncedly enhanced by the testicle extract, whereas
mixtures of plain broth and extract did not confer noticeable resistance.
In the guinea-pig chronic infections, such as tuberculosis25' 30, 31, 32 and
epizootic lymphadenitis (the latter induced by a type C streptococcus30' 81),
bring about a marked diminution in skin permeability, as shown by restriction
of a dye injected intradermally. This state continues as long as the animals
are allergic.
Materials and methods
Bacterial species: Two species of invasive bacteria and two of non-invasive
bacteria were used. In the invasive group there was Streptococcus hemolyti-
cus F 132, a group C organism kindly supplied by Dr. R. C. Lancefield of
the Rockefeller Institute, Streptococcus hemolyticus M, a group A organ-
ism isolated from a case of suppurative adenitis, and two strains of Staphylo-
coccus aureus recently isolated from human lesions. These were virulent and
produced large amounts of spreading factor. In the non-invasive group were
two strains of E. coli which had been kept for many years on artificial media
and were practically devoid of virulence, and one strain of S. anolium, a
chromogenic bacterium virulent for many cold-blooded animals1' 18 but
usually only moderately so for mammals. However, as will later be seen, under
certain conditions this bacterium is capable of killing rabbits. None of the
bacteria of this group elaborated spreading factor capable of detection by the
usual method of injecting into the rabbit skin culture extracts mixed with
India ink.
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Method: The streptococcus was cultivated in beef-heart infusion contain-
ing 0.05 per cent glucose; S. anolium and E. coli were cultivated either in
plain broth or on agar. In the latter case the culture was suspended in 5 cc.
of saline and the suspension was used for injection. The materials were
injected intradermally into rabbits whose hair was clipped (never removed
by shaving or depilatories) shortly before starting the test. Cultures of the
same age were employed for each injection. The injected areas in the
rabbits varied in each experiment, so that regional differences in permeability
could play no part in the results. The resultant lesions were recorded daily
for at least three successive days, the erythematous periphery around the
edematous and necrotic parts being included in the measurements. Deviations
from this method will be described as the occasion arises. In general, four
injections were given within 28 hours, usually spaced according to schedule
with successive intervals of 5, 18, and 5 hours.
Experiments with living invasive bacteria
The effect on the rabbit skin of frequently repeated reinfections
by living cultures of bacteria elaborating spreading factor was first
investigated.
Experiments: In separate experiments, each usually employing two
animals, 21 rabbits were infected with 18-hour cultures of streptococcus or
staphylococcus. The animals were given an intradermal injection of 0.1 cc.
of culture. At different periods thereafter the same amounts of other cultures
of exactly the same age were similarly injected. In Table 1 are given the
data on the sequence of the injections and on the size of the lesions as
measured 24 hours after each injection.
The phenomenon of the diminishing skin response to frequent
reinjection with invasive bacteria is well shown by the results. The
lesions resulting from the last injection were sometimes as much as
50 times smaller than those resulting from the first injection. The
phenomenon takes place without reference to variations in the indi-
vidual susceptibility to the infection, as shown by the size of the
first lesion, and without regard to the proximity or remoteness of
each injection to the preceding one (the injected areas of the skin
were changed in each experiment). The phenomenon is apparent
as early as 30 minutes after the first injection, but in these cases the
inhibition of the following lesions may not be so pronounced and
regular as when longer intervals are allowed. The numerical dif-
ferences between the lesions expressed in the table are a faithful
index of corresponding differences in their severity. The lesions
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TABB 'I
LESIONS IN THE SKIN OF RABBITs 24 HOURS AFTER SUCCESSIVE
INJECTIONS OF INVASIVE BACTERIA
Strept. F 132
Strept. F 132
Strept. F 132
Strept. F 132
Strept. F 132
Strept. F 132
Strept. F 132
Strept. F 132
Strept. F 132
Strept. F 132
Strept."M"
Strept."M"
Strept."M"
Strept. F 132
Strept. F 132
Strept. F 132
Strept. F 132
Staph. "A"
Staph. "A"
Staph. "B"
Staph. "B"
Staph. "B"
Strept. F 132
No. hour. pacin injectionw
from lst fromOnd from Srd
to2nd toIrd to4th
5 1
5 18 5
5 18 5
5 18 5
5 18 5
5 18 5
5 18 5
5 18 5
5 18 5
5 18 5
5 18 5
5 18 5
5 18 5
1 18 1
1 1 1
5 18 5
5 18 5
Simultaneous injections
Simultaneous injections
Area of lesions
__ ulting from injectios
I _ I_ 1 4
sq. cm.
28
17
17
13
40
5
9
8
12
10
16
12
9
26
14
15
13
60
17
20
20
20
8
sq. cm. sq. cm. sq. cm.
14
9
4
0.5
4.1
2
4
3.1
3
5.2
3.5
5
2.1
6.3
5.5
8.5
7.8
15
8
6
11
20
8
7
4
25
0.26
3
0.5
3
2.5
1.5
3.2
2
2
1.5
7.7
14
7.5
6.6
9
a
6
7
23
7
14
14
9
0.25
5.1
3
5
4.4
4
5.1
4.5
12
3.2
18
9.5
10
13
18
8
7
16
21
7
resulting from the first injection were largely necrotic in the center
and had diffuse erythematous boundaries, whereas those resulting
from the last injections were but rarely necrotic and in general were
well circumscribed. These differences were still more pronounced
when results were compared two orthreedays after injection. Often,
when this was done, it was found that the fourth lesion was no more
than a pimple, whereas the first lesion was still a severe one.
In one additional experiment three rabbits were treated as above
but the four injections were separated from each other by intervals
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Rabbit Bacterium
No. njected
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
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of 24 hours. In two of the animals some of the lesions following
the second, third, and fourth injections were only slightly smaller
than those following the first, while others were of the same size or
larger; in the third animal the results were as when the injections
were given within the shorter period.
Experiments with living non-invasive bacteria
The tests were repeated with two strains of E. coli and one of
S. anolium, none ofwhich elaborated spreading factor. The method
followed was the same as in the foregoing section, the sole difference
being in the dosage of the injected cultures. Details and results of
the experiments are given in Table 2.
TABLE 2
LESIONS IN THE SKIN OF RABBITS 24 HOURS AFFTER SUCCESSIVE
INJECTIONS OF NON-INVASIVE BACTERIA
Inocula No. of hours spacing injections Area of lesion resulting
__ _ _ __ _ _ _from injections
Rabbit from 1st from Ind from 3rd
No. Bacterium Dose to 2nd to Srd to 4th 1 2 $ 4
CC. sq. cm. 8q. cm. sq. cm. 8q. cm.
1 S. anolium 0.1 5 18 5 8 6 6 6
2 S. anolium 0.1 5 18 5 6 15 7 7
3 S. anolium 0.1 5 18 5 15 20 20 16
4 S. anolium 0.1 5 18 5 4 4.5 4.5 5
5 S. anolium 0.3 5 18 5 5 4.5 4.5 4.8
fj S. anolium 0.3 5 18 5 6 6 8 8
7 S. anolium 0.3 5 18 5 10 9 .. 8
8 S. anolium 0.3 5 18 5 14 7.5 7.5 7.6
9 S. anolium 0.3 5 18 5 33 24 25 20
10 E. coli "A" 1 4 4 4 7 6 6 6
11 E. coli "A" 1 4 4 4 5 5 6 5
12 E. coli "B" 1 5 18 5 4 3 4 3
13 E. coli "B" 1 5 18 5 3 3 3 3
14 E. coli "B" 0.5 5 18 5 8 9 8 7
15 E. coli "B" 0.5 5 18 5 8 8 8 8
Table 2 shows that the phenomenon of the diminishing response
to skin reinfection islackingwhen non-invasive bacteria, which induce
lesions of moderate size, are employed. However, in the two cases
(rabbits 8 and 9) where, as a result of the larger amounts of bacteriaSKIN REACTION TO REINJECTED BACTERIA
injected or the higher susceptibility of the animals, more severe
lesions were induced a moderate decrease in the response to the fol-
lowing injections was observed. In all cases the lesions induced by
E. coli and S. anolium were well circumscribed and never necrotic.
Experiments swith dead bacteria
With a view to disclosing the factors responsible for the phe-
nomenon tests were made to see whether it still took place when
heat-killed bacteria were injected in amounts large enough to induce
lesions of the same size as those caused by smaller amounts of living
bacteria of the same strains.
Experiments: Broth cultures of varying age, of streptococcus F 132 and
of agar cultures of S. anolium, were prepared.* The latter were suspended in
5 cc. of saline, and both the saline suspension and the broth culture were
heated in a water-bath at 600 or 65° C. for varying periods of time. The
heated bacteria were injected intradermally into rabbits, following the same
procedure as when living bacteria were used. Details and results of the tests
are summarized in Table 3.
It is clear from Table 3 that the lesions induced by heat-killed
streptococci and by S. anolium did not lead to any decrease in the
response to subsequent infections; on the contrary, sometimes the
lesions induced by such injections were larger than those induced by
the first one. Two points concerningtheeffect of killed streptococcus
on the rabbit skin are worthy of comment: first, the induced lesions
are raised, well circumscribed, and never necrotic; in other words,
they show the characteristics typical of lesions due to non-invasive
living bacteria, and, second, sometimes the size and severity of the
second, third, and fourth lesions increase considerably during the
several days after infection and continue to do so longer than in the
case of the lesion produced by the first injection. Such was the case,
for instance, in rabbit No. 8, the only one in Table 3 which may
suggest a positive result when lesions after 24 hours are considered.
The part played by the spreading factor in the phenomenon
Since an important difference between the invasive and the non-
invasive bacteria here studied is the production by the former of
* The staphylococcus could not be used for this purpose, since the intradermal
injection of even large amounts of culture induced but a transient erythema.
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TAILZ 3
LESIONS IN THE SKIN OF RABBITS 24 HOURS AFTER SUCCESSIVE
INJECTIONS OF HEAT-KILLED BACTERIA
Inocula No. hours spacing injection. Area of lesion resulting
~~~~~~~from injections
Rabbit Ageof Heating from* lst fromInd from Srd
No. Bacterium culture treatment Dose to Ond toSrd to 4th 1 1 a 4
hrs. cc. sq. cm. sq. cm. sq. cm. sq. cm.
1 Strept. hemolyt. 20 600/601 0.5 5 18 5 12 15 20 20
2 Strept. hemolyt. 18 650/70' 1 5 18 5 18 16 15 15
3 Strept. hemolyt. 18 65°/70' 1 5 18 5 15 12 15 13
4 Strept. hemolyt. 48 800°/80 0.5 5 18 5 12 6 10 6
5 Strept. hemolyt. 48 600/80' 1 5 18 5 5 4 12 12
6 Strept. hemolyt. 48 600/80' 1 5 18 5 18 18 15 15
7 Strept. hemolyt. 20 600/30? 0.5 5 18 5 12 12 11 11
8 Strept. hemolyt. 20 60°/30' 0.5 5 18 5 35 35 20 l*
9 Strept. hemolyt. 20 600/301 0.5 5 18 5 10 10 12 12
10 Strept. hemolyt. 20 60°/30' 0.5 5 18 5 12 10 8t
11 S. anolium 20 600/30? 1 5 18 5 11 15 19 35
12 S. anolium 20 60°/30' 1 5 18 5 22 20 33 34
1 '3. anolium 20 60/30' 1 5 18 5 10 9 15 10
*Two and three days after injection the size of the 3rd and 4th lesions increased and became equal to the
first two.
t Rabbit was found dead at the time of measurement of the grd lesion.
spreading factor, it was desirable to ascertain whether the addition
of the factor to non-invasive bacteria would enable them to elicit
the phenomenon. That heating, a procedure which inactivates the
spreading factor, deprives the streptococcus of its power to induce
the phenomenon has been shown in the foregoing sections.
Experiment: Two groups of tests were carried out. In the first one
0.1 cc. and 0.5 cc. of a suspension of an 18-hour agar culture of S, anolium
in saline solution were injected together with various amounts of filtrate
from an 18-hour glucose broth culture of streptococcus F 132. In the second
group 0.5 cc. of the same suspension was injected together with 0.25 cc. of
a 1 per cent solution of a very potent preparation of spreading factor from
bull testes.10 The magnitude of the lesions induced by the latter mixture
precluded injecting the skin more than twice; this was done with an interval
of 24 hours. Table 4 records the size of the lesions obtained after 24 and
48 hours.SKIN REACTION TO REINJECTED BACTERIA
TABLE 4
LESIONS IN TIIE SKIN OF RABBITS 24 AND 48 HOURS AFTER SUCCESSIVE INJECTIONS
OF S. ANOLIUM MIXED WITH STREPTOCOCCAL FILTRATE OR TESTICLE EXTRACT
No. hours spacing injectin Area, in 8q. cm., of lesions resulting ____________________________ from injections
Rabbit Material from 1st from 2nd from 3rd
from n-je -
i -ns
No. injected to 2nd to 3rd to 4th 1 2 4
S. anolium 0.1 cc. 5 24 hrs. 35 40 37 26 1 Str. Filt. 0.1cc. 5 18 5 48hrs. 35 35 35 15
2 S. anolium 0.1 cc. 1 24 hrs. 30 27 27 24
Str. Filt. 0.1cc. 18 5 48 hrs. 25 18 19 9
S. anolium 0.1 cc. , 18 5 24 hrs. 42 25 11 13
Str. Filt. 0.1cc. 5 48 hrs. 50 22 13 12
4 S. anolium 0.5 cc. 5 18 5 24 hrs. 40 15 22 15
Str. Filt. 0.5 cc. 5 48hrs. 40 13 18 10
S. anolium 0.5 cc. 18 24 hrs. 40 25 20 15
Str. Filt. 0.25 cc. 48 hrs. 35 18 12 7
S. anolium 0.5 cc. S 24 hrs. 200 30 * 6 Test. Ext. 0.25 cc. 24 48 hrs. 200 30
7 S. anolium 0.5 cc. 24S 24 hrs. 200 35
Test. Ext. 0.25 cc. 1 48 hrs. 200 35
8 S. anolium 0.5 cc. 24 24 hrs. 220 30 Test. Ext. 0.25 cc. 48 hrs. 220 230
* Rabbit died of the infection.
The table shows that when small amounts of S. anolium were
spread over alarge area ofthe skin bythe streptococcal filtrate larger
lesions developed than would have been induced by the bacterium
alone. However, what was gained in size was lost in severity; the
lesions were faint and had diffuse boundaries, these traits being
specially pronounced in lesions resulting from the second, third, and
fourth injections. In general, these lesions were smaller than the
first, especially if examined 48 hours after the injection, so that it
would seem that the phenomenon of the diminishing response to
reinfection has taken place to a certain extent. When larger amounts
of bacteria were spread over a larger skin surface by streptococcal
filtrate or by testicle extract the lesions were extensive and severe,
and the phenomenon was then clearly observed, although in the
case of rabbit No. 8 the suppression of the second lesion was only
temporary.
These results prompted the following investigation into
whether the spreading factor would restore to bacteria killed by
heat the ability to induce the phenomenon.
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Experiment: A 20-hour culture of streptococcus F 132 was centrifuged
and the sediment was suspended in 10 cc. of saline and heated at 60' for
30 minutes. To this suspension were added 5 cc. of the supernatant fluid of
the same culture, and amounts of 0.5 cc. of the mixture were injected in
four areas of the skin of the rabbits within 28 hours at the usual time intervals.
A definite spreading of the inocula was noticed immediately after each injec-
tion. Lesions were produced which were very mild and diffuse after 24 hours
and increased somewhat in severity in the following days, but no differences
in size were detected.
Experiment: Suspensions in saline of streptococcus cultures were obtained,
submitted to heating, and injected into two rabbits as in the foregoing experi-
ment. At each injection one of the rabbits was injected intravenously with
1 cc. of a 1 per cent solution of purified spreading factor from bull testes,10
whereas the other rabbit was similarly injected with 1 cc. of saline solution.
The inocula in the animal injected with testicle extract spread promptly after
injection. Lesions of moderate severity resulted after 24 hours, and they
were of the same size in every case.
Experiment: A 20-hour culture of S. anolium was suspended in 5 cc.
of saline and the suspension was heated at 60' for 30 minutes. Mixtures of
0.8 cc. of the suspension and 0.2 cc. of the filtrate from a dextrose broth
culture of streptococcus F 132 were injected intradermally into four rabbits at
the 5, 18, and 5-hour intervals. Immediate spreading of the inocula was
observed. Large, flat lesions measuring about 50 sq. cm. resulted, but here
again the size of the lesions was the same in every case.
From these tests it is concluded that the lesions induced by heat-
killed streptococci andby S. anolium in association with the spreading
factor from bacteria or from testes do not elicit the phenomenon of
diminishing response to reinfection.
Experiments 'seth various materials inducing inflammation
It was obviously desirable to ascertain whether the phenomenon
was elicited only when factors inherent in bacterial infection were at
play. Accordingly, a bacterial filtrate, an animal poison, and tur-
pentine were studied; the first two of these materials were rich in
spreading factor, the latter diffused rapidly after injection into the
rabbit skin and induced pronounced lesions.
Experiments: The following materials were employed in each injection:
(a) mixtures of 0.5 cc. of streptococcal filtrate from a 20-hour broth culture
plus 0.25 cc. of India ink diluted 1:2 in saline and sterilized by boiling. Since
the lesions induced by the filtrate alone are very faint, the ink was used as an
indicator of the spread of the inoculum. (b) Saline solutions of two concen-
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trations of desiccated rattlesnake venom (Crotlus atrox), and (c) 0.05 cc.
of spirits of turpentine. By way of control a saline suspension of India ink,
a non-toxic substance presumably inducing a minimum of inflammation, was
also injected. Details concerning dosage and time intervals, as well as the
average results obtained, are summarized in Table 5.
TABLE 5
LESIONS IN THE RABBIT SKIN 24 HOURS AFTER SUCCESSIVE INJECTIONS
OF VARIOUS MATERIALS
No. of hours spacing Average area, in 8q. am., of
injections the spreads or lesions resulting
Dose from injection.
Material No. of from 1st from End from 3rd -
rom in_ectio __
injected cc. rabbits toOnd to Srd to 4th 1 e 8 4
Strep. Filt. 0.5 6 1 1 1 14 16 13 13
India ink 0.25
Strep. Filt. 0.5 4 2 2 12 14 12 11 India ink 0.25 2 2 2 14 2 11
Strep.Filt. 0.5 4 5 18 5 25 23 26 20 India ink 0.25
Rattlesnake
venom, diluted 0.5 3 5 18 5 31 30 23 24
1:50,000
Rattlesnake
venom, diluted 0.5 8 5 18 5 30 20 12 20
1:500,000
Turpentin 0.05 4 5 18 5 21 25 17 22
Turpentine Groupetn 0.05 4 5 18 5 29 21 17 12
GroupI 0.75 5 1 1 1 9 10 10 9
Group II- 0.75 3 1 1 1 16 15 12 11
. GroupIII 0.75 2 5 18 5 7 7 9 7
* India ink was not sterilized. The rabbits used in this experiment were young and had a very
permeable skin.
The interpretation of the results presented in Table 5 necessi-
tates a consideration of the types of material injected.
Streptococcal filtrate: It is clear that this material either did not
elicit the phenomenon or did so only to a very slight degree. It is
important to point out that the filtrate derived from young cultures
was rich in spreading factor, but that it possessed only a moderate
toxic power.
Snake venom: This material, in the dilutions used, induced
lesions which were extensive but mild (although less so than those
induced by the streptococcal filtrate). In several cases they wereYALE JOURNAL OF BIOLOGY AND MEDICINE
almost undetectable 48 hours after injection. The measurements of
the successive lesions seem to indicate that the phenomenon occurs
with the venom, although to a very slight degree.
Turpentine: These results have been divided into two groups;
in the first, the phenomenon is entirely absent; in the second group
the phenomenon may have taken place to a certain extent. No
explanation of these differences is available. Some of the rabbits in
the two groups were injected in the vein with purified preparations
of testicle extract every time they were injected in the skin, but this
did not change the results.
India ink: Of the 3 groups of results considered there may be a
suggestion that the phenomenon occurs to a very moderate degree
in the tests of the second group, but a detail concerning the material
used in these tests is important, namely, the ink was not sterilized
and when cultured it yielded an abundant growth of a variety of
unidentified bacteria.
The experiments suggest that the phenomenon may be elicited,
although irregularly, by lesions other than those induced by living
bacteria, but, if present, it is always far less pronounced than when
induced by invasive bacteria.
Investigation into the nature of the phenomenon
Although there was little doubt as to the type of results which
would be obtained, blood counts, search for specific antibodies, ther-
mal curves, and histological study of the skin of non-infected areas
were carried out in rabbits recently infected with streptococcus and
staphylococcus cultures. No significant changes were found in any
case except in the temperature, which began to rise shortly after
the injection. The possibility that factors of a nervous nature were
at play was investigated by means of the following experiment.
Experiment: A piece of skin measuring 15 x 8 cm. was removed from
and again grafted on the flanks of two rabbits, the operation being carried
out in two stages at an interval of two weeks. Two months after the last
operation the animals were given four successive injections of streptococcus in
the usual way. One of the rabbits received the first two intradermal injec-
tions in the normal flank and the last two in the side where the operation
was performed. The order of the injections was reversed in the other rabbit.
Three untreated rabbits were similarly injected. Measurements of the lesions
after 24 hours showed that suppression of the lesions following the first one
was equally manifest in the test as well as in the control rabbits.
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This experiment permits the conclusion that somatic nerves play
no part in the phenomenon. It is not known whether or not some
visceral nerves could have regenerated by the time the animals were
injected.
Guided by the obvious hypothesis that under the influence of
some effect emanating from the first lesion there was a diminution
in the ability of the whole skin to allow diffusion in its interstices of
any injected substance, two sets of experiments were carried out in
which the degree of individual permeability of the skin of rabbits to
mixtures of India ink and saline solution and of India ink and strep-
tococcus filtratewas determinedbefore and at different intervals after
the induction of a staphylococcus lesion. It has been shown that
injection of these mixtures does not determine any appreciable
change in the permeability of the skin.
Experiment: A pair of young rabbits whose skin was very permeable and
an older pair with less permeable skin were employed. The animals were
first injected intradermally with a 0.75 cc. of India ink diluted 6 times with
saline and sterilized by boiling. The areas of the resultant spreads were
measured after 20 hours. Then 0.25 cc. of a 24-hour broth culture of
staphylococcus were injected intradermally into another area of skin, and
immediately and at different periods thereafter amounts of India ink dilu-
tion identical to that previously employed were injected in other skin areas
at different intervals of time. Details of the procedure and the results obtained
are summarized in Table 6.
TABLE 6
RESTRICTION OF THE INDIA INK INJECTED INTRADERMALLY IN RABBITS HAVING
STAPHYLOCOCCUS LESIONS
(Results after 24 Hours)
Areas of spreading of 0.25 cc. of India ink dilution plu
0.6 cc. of saline solution
Injected rabbit Area of At different periods after injection staphylo-
COCCU8 Ismmed.
No. Age lesion Before after 1 hr. 2 hrs. 3 hrs. 24 hrs. 2 days 8 days
sq. cm. sq. cm. sq. cm. sq. cm. sq. cm. sq. cm. sq. cm. sq. cm. sq. cm.
1 8 mo. 4.0 9.0 8.0 8.0 7.0 6.0 8.0
2 8 mo. 4.0 9.0 7.0 9.0 7.0 6.0 8.0
3 2 mo. 6.0 17 14 11 7.0 5.7 10 16
4 2 mo. 6.0 18 15 8.0 6.0 5.2 7.0 16
Experiment: In five different tests 12 young rabbits were subjected to the
same procedure as in the foregoing experiment, the only difference being that
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mixtures of 0.5 cc. of streptococcus filtrate (18-hour culture in glucose broth)
and 0.25 cc. of a 1:2 dilution of India ink were employed instead of the ink
alone. Details of the technic and the results are summarized in Table 7.
TABLE 7
RESTRICTION OF MIXTURES OF INDIA INK AND STREPTOCOCCUS FILTRATE IN
RABBITS BEARING STAPHYLOCOCCUS LESIONS
(Results after 24 Hours)
Areas of spreading of 0.25 cc. of India ink dilution plts8 0.5 cc. of Amtap. Areas of streptococcus filtratc, at different periods after injection.
Exp. Rabbit culture re8ultant Immed.
No. No. injected lesions Before after 1 hr. I hr.. 8 hrs. 4 hr.. 5 hrs. 24 hrs. 28 hrs. 3 days
cc. sq. cm. sq. cm. sq. cm. 8q. cm. sq. cm. sq. cm. sq. cm. sq. cm. sq. cm. sq. cm. 8q. cm.
1 1 0.5 9 20 13 9 11 6.5
1 2 0.5 14 14 9 12 12 9.0
2 3 0.5 50 22 24 33 19 15
2 4 0.5 75 40 21 22 17 12
3 5 0.5 28 19 13 21 17
3 6 0.5 29 12 10 15 15
4 7 0.1 18 28 28 24 16 18
4 8 0.25 20 22 14 13 10 19
4 9 0.5 36 23 17 14 11 24
5 10 0.1 12 23 9.5 8.0 8.0
5 11 0.25 20 16 9.2 6.1 7.s 18
5 12 0.5 36 14 8.0 12 8.5
Comparing (in Tables 6 and 7) the areas of spreading of the
India inkbefore andafterthestaphylococcus lesion has been induced,
it is apparent that in practically every case the ability of the skin to
allow diffusion of the injected materials has been considerably sup-
pressed by the infection. This state of diminished permeability was
promptly established but did not seem to last longer than 48 hours,
for after this time the inocula spread about the same as before the
lesions were induced.
Two more remarks on the results seem pertinent: (a) comparing
results in Tables 6 and 7 with those in Table 1 it is seen that dif-
ferences in the spreading of the ink before and after the infection
are far less pronounced than are the corresponding differences in
size between the lesions induced by two doses of staphylococcus or
streptococcus injected at short intervals of time. (b) Only in the
case ofrabbit No. 3 (probably a chance result) was there an increasedSKIN REACTION TO REINJECTED BACTERIA
spreading of the ink mixture injected almost simultaneously with
the staphylococcus culture; in most cases, on the contrary, there was
a restriction of the ink mixtures injected at that time. The latter
result suggests that the diminution of skin permeability following
the injection establishes itself without apparently going through a
phase of increased permeability, such as could be suspected to occur
under the influence of the spreading factor liberated from the lesion.
In line with the above suggestion is the fact that in eight rabbits
successively injected intradermally with either streptococcus or
staphylococcus in which the phenomenon of a diminishing skin
response was manifest, no spreading power at all was detected in
their blood taken before and at the same intervals as the injections
were made.*
Discussion
From the evidence here reported it is clear that something
emanates from the lesions induced by injecting virulent and invasive
staphylococci and streptococci which has affected the whole skin, and
which has to a degree suppressed the ability of the same bacterium
to invade the skin, when injected as shortly after as half an hour.
The phenomenon also takes place, but to a much lesser extent, in
infections induced by non-invasive and slightly virulent bacteria,
such as S. anolium. It is entirely lacking in infections caused by
practically avirulent strains of E. coli. Thus, it would seem that the
intensity of the phenomenon, one which obviously results to the
advantage of the animal, bears a direct relationship to the pathogenic
potentialities of the invader. It would also seem logical to assume
that the same mechanism which inhibits the effect of the reinjected
bacteria is also operative in inhibiting that of the bacteria of the first
lesion. Indeed, the terminal stage of such lesions must, in a way, be
regarded as a reinfection. Thus, the phenomenon must either be
added to those other inflammatory mechanisms20,' 40, which oppose
a steady spreading of the lesions induced by invasive bacteria or sug-
gest an underlying unity of action in all these mechanisms.
What is the cause of the phenomenon? We have reviewed, in
the introduction, the experimental results now available upon which
the concept of tissue permeability has been established. Among
them, the findings, by Joyner and Sabin,30 31 which show that dyes
*This test was carried out by injecting rabbits intradermally with mixtures of
0.5 cc. of rabbit serum and 0.25 cc. of India ink dilution.
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are considerably restricted in the skin of guinea-pigs bearing chronic
streptococcus lesions, are of special interest. In our case the fact that
India ink, alone or mixed with streptococcus culture filtrates contain-
ing much spreading factor, is much restricted in the rabbit skin
shortly after the induction of a staphylococcus lesion seems in large
measure to account for the ph.enomenon,* for it is known'4 that there
is a very close relation between the final size of a staphylococcus
lesion induced bya given amount ofinoculum and the area ofspread-
ing of India ink injected together with the spreading factor (filtrate)
present in such inoculum. Thus, the change in the skin induced by
the lesion is a lowering of its permeability to either bacteria or inert
particles when injected either alone or together with a filtrate of
cultures from a different bacterium (streptococcus) than that used
for the infection. The non-specificity of the phenomenon is conse-
quently established.
By what mechanism is the permeability of the skin lowered?
Because of a lack of precise knowledge of the time required for
regeneration of all types of nerves in transplanted areas of skin, a
conclusive experiment on the possible intervention of a nervous
influence is difficult to perform. If a substance liberated from the
infected area is responsible for the effect, one would be confronted
with three apparently paradoxical facts, namely: (a) the infections
induced by invasive bacteria elaborating the spreading factor-an
agent so powerful in increasing tissue permeability-are precisely
those which are most effective in lowering the permeability of the
skin; (b) lesions induced by the same bacteria killed by heat-a
procedure which destroys the spreading factor-do not lower the
permeability of the skin; and (c) the addition of the factor (either
from invasive bacteria or from testicle extract) to a non-invasive
bacterium such as S. anolium results in lesions eliciting an analogous
lowering of skin permeability. Could these results indicate that the
spreading factor can act in two diametrically opposite ways? The
evidence presented is hardly compatible with the supposition that
the factor itself or the products liberated from its effect on tissue are
the cause of the diminished permeability, unless the amounts of
* Whether the phenomenon can be wholly explained by this fact is not known
as yet. The differences between the spreading of India ink before and after the
induction of the staphylococcus lesion are not of the same magnitude as are the
differences between two consecutive staphylococcus injections. Possibly some other
factors may play a subsidiary part in the phenomenon.
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factor necessary to this effect are much greater and differ in some
other respects from those employed in our experiments. More-
over, in rabbits bearing cutaneous staphylococcus lesions no factor
was ever detected in the blood, and a transient increase, premonitory
tothe final decrease, in the permeability of the skin was not observed.
An alternative supposition would be that the factor acts as a
vector of another substance, produced in the lesion, which is the
cause of diminished permeability. This would be in line with two
sets of facts: (a) the finding by Menkin39'40 of chemically defined
substances in foci of inflammation,* and (b) the other known effects
of the spreading factor, which has always been observed to act as a
magnifying device rather than as a promoter of entirely new con-
ditions. An experiment which may bear closely on the mechanism
of the phenomenon is that reported by Head and Thomas,27 who
showed that the injection of spreading factor intravenously or in the
injured area in rabbits upon which burns have been inflicted in the
skin, results in the production of a large inflammatory lesion around
the necrotic burned area due to the spread of a substance liberated
by the injured tissue.
Finally, the findings here reported throw light on two groups of
facts reviewed in the introduction. The first concerns the establish-
ment of a resistance to infection 24 hours or less after treatment with
a variety of materials, including the same bacterium used in the pre-
vious treatment. It would seem that the data reported by Morgen-
roth et al. under the name of "depression immunity" have the same
basis as those reported in the present paper. The second group of
facts are those bearing on the "local immunity" of the skin after
treatment with filtrates of old cultures of staphylococcus and strep-
tococcus, filtrates which are more toxic than the ones used by us.
While it is true, as many workers have observed, that such treat-
ment induces a maximum of protection in the area where it has
been applied, it would not seem improbable that a certain degree
of protection involving the whole skin has been achieved, as Bes-
redka has always maintained.
Summary
When four doses of broth culture of invasive bacteria such as
streptococcus or staphylococcus, which produce spreading factor, are
* Favilli2l has reported that histamine and acetylcholine are devoid of influence
on the spreading action of testicle extract.
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successively injected intradermally in rabbits, at short intervals,
there is a considerable and progressive diminution in the size and
severity of the lesions resulting from the second, third, and fourth
injections, these being from 4 to 50 times smaller than the first.
Ihe phenomenon is independent of the size of the first lesions and
can be manifest when the injections are spaced for periods of only
half an hour.
When the experiment is repeated with a much less virulent
bacterium, S. anolium, one which does not produce spreading factor,
the phenomenon does not take place, except when the lesions first
induced are very large. In these cases the reduction in size of the
fourth lesions, as compared to the first, is, at best, only 3 times.
The phenomenon is entirely lacking when practically avirulent
strains of E. coli are injected.
Lesions, even verylarge, of streptococcus or S. anolium killed by
heat do not elicit the phenomenon.
The addition of spreading factor, either from streptococcus cul-
tures or from testicle extract, to S. anolium results in the production
of lesions pronouncedly eliciting the phenomenon, but the same pro-
cedure does not confer this property upon heat-killed bacteria.
The phenomenon is weak and irregular with the lesions induced
by culture filtrates of invasive streptococcus, by snake venom, and by
turpentine.
India ink mixed with either saline or filtrate from a streptococcus
culture spreads much less after the induction of a dermal staphylo-
coccus lesion than before. Therefore, the phenomenon can at least
partly be explained by a lowering of the permeability of the skin.
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